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Adaptively Adjusting Method of Transmission Parameters in Sensor
Networks Based On Channel Sensing and Monitoring

LUO Cheng XIE Wei-xin YU Jian-ping
(ATR Key Laboratory of National Defense Technology, Shenzhen University, Shenzhen, Guangdong 518060, China)

Abstract:  According to the time-varying characteristic of information transmission channel between sensors distributed on remote
and wild regions,which transmit data by existing speech channel in Early Warning System, a new method is proposed for adaptively ad-
justing transmission parameters in sensor networks based on channel sensing and monitoring. The method solves the problems of the
sensing data loss and delay caused by connecting lines frequently dropped in low SNR (Signal to Noise Ratio) . Firstly, we adopt a blind
SNR estimation algorithm to sensing the current channel quality during the packets transmission period and obtain the observed values by
integrating the estimation results with weighted sliding-window. Then, we establish a discrete adjusting transmission parameter model
based on Kalman Filtering principle, which can adaptively adjust the transmission rate and power according to the changes in the chan-
nel quality while maintaining the link. Finally, experiments results show, in condition of wild field emplaced sensor network’ s time-var-
ying channel, this method can guarantee the information transmission’ s instantaneity and reliability.

Key words: Sensor Networks; Early Warning Systems; Channel Sensing; Signal to Noise Ratio Estimation; Channel Monitoring

1 =)= FHBRAT PR 0 8 B 01 (R T A B G [ o £ 2 i
= B SE PG IR ) SRR IR T . R AL
KT LA T R, BT R T % B R 2 n s 1 R R A i 2R
bsXEg bl ﬁ%fﬁxlﬁl TJT:%’%%W%%I—J%EF‘ mF  BAEERUR M EE AR S R E T
HUL R REAEE TS, FEM AR, —RETINGRRSE RO R, X R 5
fHIE 7S AN R R ) A8k, i Tl A ki A WIHRRERIR %, R E2 2 SEF 28 TRER
H‘Jf?@%&ﬂ%” MAERG T W B X RS TNEE R (IR R m A, 2 hy PR 05—
MEEIE . LAY, LDAME WS R A M R G, AR BASES  (EWR D 3 — e B A, Bl i 2 Hh

Weks HIB: 2011 4E 6 2 Hy ERIEM . 2011 4E8 JJ 19 H
FEWH : ER B3 BTSN (51326030204 ) 5 [E 5¢E A5 55 50 3 A 4 0 H (9140C8004011007 ) B B PRI, IRINTBHL T
)35 B ( CXB200903090020A )



559 1 t4

I S5+ T AN M I 1 SR IR0 A% i 2 ) 3 9 O 1% 1371

HAL  FFREIGR B FRAE , 815 B 2% B Sl 4, =R
TN BT E 8 ~ 10 s [ [R], T 22 20 A s ) 45 e
7oA B SE IS, TGV Tl A% JEtse I 265 o) 155 J 52 I A% i
TR o DRHORIE o 5 15 R e 45 W 4 £
PR, AR5 8 5T i 179 A0 45 728 Ak A 1A% i 2 850 8 3 g
AR 1) SRS N 7 1 , e A [ 0 9% S I RV SR A mT
SE AR A

17 1B J5T 1 J R 5 A0 P A% o At A B BST A28 1) £ 1 AR
5% B, ( Channel State Information, CSI) , H J5 k218 o
) TR O e S HOR IR B F T B i . (R E
A H T A AR 2 0 DA A R f I
VERHIEH 280, Hoh JU LT SNR Al #6171 1
B2 BFST, SO He B AWGN 538 2518 F i {5 Wt
fhHE: R B G . b B e AT
B T A SO RS Ry 5, R A A S )
ISR, A SRR R T AR S B R A R
PR A S (L0 A AT A5 W e A T i s 1) vk HE R
1z B BRI 1 e R IV, PR st 2] £l 5 148 L 1Y
fhTHPEREA I 42 &, i Lz 53 5 2% BERE AR 21 vl LA
P2 AR A5 1A A T R E R

B A S 408 3 N RS Ty VR AR A 1 T
M ITEA R KRBT 43 PR . R — SR T i
WG KRG T — B ] N & kR
AOFELEAE B, AR M | ACK i 2 42 Wi vk B A ik
S5 N5 18 B it AR SE , iR ST S ORI G
AL A, ISk o, Jacobsmeyer ] M 4R T
— o1 [ 3 A O R T v, AR A — B[] P
AR, PRE S 7 T 2 U] 48 3 B R E B 0 4% e
F L. X AL {5 18 , Kamerman A 5 Lacage
M Z 4% B3 Y T ARF) (Automatic Rate Fallback ),
AARF™ (Adaptive ARF) , DL} 2835 1% 22 9 34 v il 5 1
ST NG 56 A 32 25 B 2 A% i AR 2 DA% i YR 0]
BABE SR X 2Ty VR R A R R 5K, TR S
Jit 7 B , L1228 T 0 T AR A AR e B I L 3504 1 L
oI T3 45 Y AR 8 W L %, W S TER e (S
TE A B S B R A TIVR 2 R R, o
IR T 58 IR B BRI A 3 09 5 3, & % s 3 1
BEH AT E B — (S, WEME L (SNR), #2155
SR EE (RSS) B 2655 (BER) , S £ — > 5 18 1 1%
AR PRI 8 8 PR S £ RS, 2 MLS. Yee 28 A
SR AQAM ™ i X (5 T R A 2 A 1, R 3
IO TE A i BE R 5 i TEAR BB ARG &L T L 3 K
R AL, LA KK Camp, J 5 )22 5 30 4 35 15 e L
M AR SRR R T o IR T B I Bl R
HuFRHL SNR (B IEANES ), 237 AR BRI B 158 22, PRIk
TR 0 2 A O R 1 A i 2 B R AT R %
BRI A7 30 A A, e Sk i A 3 3

FE AR S MBS, S B UE W] T AR TE A R ) 2% v
A —E RYERIE B8 I RE T, SR TR I R 25 JE A5 1E
RS A I RIAR S, BT A G SRR PR 5 W 0 A 285
977 2RI T8 2 R, T S R 4 1 i S 8
B, A REIK B 2 105 (W LU A ARDE . I,
B HET R Ak, BXE TR S B B S0 A 35 1 1% i 4 o
AR A2 SR I 285, AT SR D50 A S 114 A ok 7 58 O L I
AR AnT 5 = A IS5 B i

ARSCLATIE R G0 ) o 2 A B S M ) R B i A
D HEAS BT I A R ) 2 S S PR AT S0 4%, T 3 B X
' A i 1 5 S I SRR R A S8 I B O vk AR
FREERE RS T 1 A 5 1 s I 285 19 15 AL
FIESR WA TR S T R4y i i R R
o SEERR W], A SO L REA A A & LR 2RI E 1Y)
PLRL, BEREA ROPPAG £ T i, SCRERC PR BRER 5 IR 25
AR, AT PR R T A B A SR I 2% £ T AR
THCF ST B e da i e v AT SR

2 FERERMSEN

AR SC AT WA 5 N N ES 430 2 £ 1 A ek
JHG WO N A S 0 T R TR o A R S R
T Ao X P MR LA TR BB, A TS o A 0 D) AR
JEV IR 7 2 A e LA 125 SR AR B, O TR
AR 18 A (5 M LA A T, 75 2045 18 5 B i BRRRIRES
T AR IE R R PR B A5 5 T, TR, A SO SR
P23 U S LA B0 5500 £ 35 15 1 B AL S Budia ot
Jo R SR 5 W AR AN R TR

(1) BENHVEEREE T, T, (ol =T1,),9f
TE T, 5 B T B, 05 2000 M Lo Al 3300k, Al 25
RAZHHE PN A(1),4(2), -, A(n) 5

(2) FEENEREE T, 55 m P WT IS, W T — A
W m+1 ) BARAE R BE p(m+1) , o p(m+
1)=N/T,, N 205505 & 2 8 440G

(3) Y p(m+1) <p, B, 7650808 A 9 4 AR 8Lt
b p, AT ;

(4) thak I(m) = axl(n)+(1—a)><2ﬁi/1(n—i),

TSI E TR T, (m)  FERRAF A E LA O
N RIS AR SR SR A R T i
Forp, RN A TR AR 8 R R 25 2R 4G Y
SRSy, e PR T I A5 1 A R
ARSCIE AR I 1Y R Z 1) 2 7 R B R 15
JE—FTEZYEAT IR QAM A2 7 Ji v n] S5 BT Bk R
JEFEARA T3 o 0 1 X205 B A 5 18 1 7 e L A T
Al AR SCR ISR 1 O o, R A G i (IR
W) BIHAE, B 2= E G ) /LECIn DT 15 3 —Fiokid e 1k



1372

%

A 27 %

e S 1) 590 P DAMERR R T A0 B (R MR el ik . Rk
BUTF .

XA A I ST R (5 S ER T AR

ro=f x,+n,,k=1,2,--L (1)
Hopw, e ff B M B LWE S, fUERE T 1
T, BB B PR A I [ 5 8 oy SRS R A
W MR LS AR A R BRI 228 R o, L O T
TR AEREAS s 50, B T, B[] B A5 e LU Ak T B0 SR A
SEG HT QAM AL AN AR R AT AR ]
PRI Y T S J R R Al b A% R B PO R 2 2

i T

o= E0 oAt 0 (2)

X BIBUGE AT 5 IERR 53 52 0.5 155 5 WA 1Y)
TR L FOREIAAES 3 (S28) , Thr Q FRos R IEACH
I3 CRERR) 5 A, 2 ISR BLSE QAM {55 553
P 1) 5 K i B (L, A A T Y R 0 S
102871 FE WO AEL AR X T d5c M L 9 L 9] 3 4, X
@y o N I AE AR I AE 0] 2 B b, i L ERUEAE 1) i o
. B QAM {55 A AL & X AR, A5 5 IRl AH

43 TE 38 T4 0 - By S SRR 2, 2 Al 755
SNR=P,,, ,,o/ 0> =2 (3)

;H\:EF‘ PQAMJ/()ﬂ‘ uiﬁﬂ*ﬂ a, B *ﬂ Amaxglé%:_{i_\‘
Poro=E(fx,[)=50(a)B"A%, =y A2, (4)

X HHEEATF SQ Fn 6=[n,,m,ny B, SQ(8)=
(oo ] AR5 Y=S0(a)B", N e KIE. MTA
AF BEHR) QAM {55/ e, B EVSITE HSY
EHH ., a=[1/5,3/5,1], [3:[3/8,3/8,2/8],)/=
2/5, [RBHIE o 5 WA r,, 46X E Y HE, 15
Bl

E( rli[/() )=P, oot o’ (5)
s SQ(a)Aim
E( T 1o )= g, /76 202 BT+[aAmax®
| A
erf {a{ 5 ZJMT (6)
o

E*@ﬂ%ﬁﬁéﬂﬂ'@,ﬂﬂﬁ 82[4:1 94:24:\] , 0= [771 U
m]lﬁﬁé@e:[mé ,lefz,"'mvév] ,1:&?%(5)%(6)1%‘@]

E(r)
]]ﬁl

2

[E( ‘rk ‘ )]
1+P,,,/6°

SQ(@)A2,, A AZ
T 202 T max max
- 7 + —®
N B +la \N o erf [a 202

2

(7)

KR G) PR () RAR(T) I8 z=E( ) /[E(r, ] 15
z =f( )
_ 1+

- 2

W2 A .
\/gie 2 Bl+[ae\/?®erf[a z/g,]]ﬁl

(8)

L, 5 r, P05 B S (LA r, 28 XHE Y (A 3T
SR AT A2 R A () B fEL, T L PSR D St
W mBtA T M ER A 5k, A=
g(z2) HhgO=1"0,Mar=10log[ g(z)], HfiIK
dBo 7 AESE PR TR N R R Az R R i el LLE
ﬁé&ﬁ%’?ﬂ%ﬁ‘]ﬁ/i&,ﬁﬁ#’l‘i%l: C323+C222+C12+C0
ZW LR AR o

3 FEEWSHBENEAETE

TESEBR R, HA R A T R R AR,
A BPRIE R GAERAE T T 817, R ARG Z FIBEHL
W G, AT e 0 R e A A O SR R
GEAT )y O R GEAS LI R S HEA T A T, R R
IR 2 B I B, B AT — OB A S ), U
X — I Z PR S DE DR AE x, FIUE PR 2246 14 P, sl B
HE KR — I 2 R AR S U A X, R PR 2EHE [ P, A
PO AT 2 AT T R R, IR A,
HZHE RE M WIIRIR S x, PR R 224 P, B
AR I HE A UERA AT RS IR A . RAR S
B ARG R IR 2 R e R B, S B HUk R S
B S DRI 5 N B X EOR U, T
IR TR T, AR B S 8UE B AR A (518
SRR

IR fEHISE H S N R Ty 1 ST 1B SR
I BRI SCHL, B X, =X, 48, X =1b,,m, |, b,
FORWAFR, w, FoRERTIR, UL AR 186 S5O0 I 7

i =X, v HR VR S5, RIS YO 15 007 138
PRTFUNGAIFN SR y, TR YR E S5
(RN AR Ve e P 80 o o SRy (5300 4 T4
WIS EOMTHE, s, JPRESMA, v, J 23755 kK
TERERR TN SASR I, v RS 1
SR 3 R e R AR

W MRS SR, BE & WA By 2
Py =1, {5 W LU A 3 0 32 3 75 B J7 22 @ = (0.0001,
0.01)", WL Mg 75 3 J5 25 R=(0.01,0.01)";

B ERAGIE % PL=F (k)P F" (k) +



559 1 t4

I S5+ T AN M I 1 SR IR0 A% i 2 ) 3 9 O 1% 1373

1 0

0, F(k)= Hov, e SR BB

0 L+cl(k)/w, |

s

W= A H, =P, C"[CP,C"+R] ™",
Hic=[1 0];

BTN SRS kA B G S B A
{5 k), I'(k)=F(k)%_+H,[y~CF(k)-I'(k-1)],

SWE: SR T P = [I-F ' (k)
H,C|P ;

B BB R DR F i b, 4
TSR PR B BBRBR A V= | by x v | 0y 5 08

VA, wbRRRE W= wyxow (B FERI T, Hoob v, w

WEARSHR G, | FORBUN T s g
BB AR (o

4 TEgEL

T A SO S A 2 R 1 1 R R A AR
45, EA)T LIPS LA R R AR AT AR 42 4 19 15 8% i
I HEATYERERS Lo & 58, TEA P B fE IR LT, X
FRMEARIE LR . S RGEHD A T2 11 20 A/, 8
[ 45 2% F T BEHLIN L, 2P 4 SNR 52 e [16,36],
Ji2E o = 1 R EF SR E TR , G152 56 i ) BL A
PR I LU LR R R 2l 18] 1o MZIE T
H TR {5 1 LU /INI AR P AR SO 1 £ T8 5 &
UL T A SOk s e s 15 L Lo RS
T {5 14 EG A3 I, 74 3 4 R R BCRR A T I i, R 2 /D A
ZHIRKAE A I, R AR SOOI 1O £ 30 00 I 75 1Y
FIIE N RE TR 22 , B 4 Z0RE 7 UL Sl e I 24 R 1Y

S [ RS 5 @R B AR
70 A | TR S R E R R

gﬁo _

50,
40,

ol [ [ Wi |

|
16 18720 22 24 26 28 30 32 34 36
RRCICL =4 (dB)

B PR L ——Hig R Rt 2
Fig.1 The mean of SNR-The times of outage

FOO, 3 Wiz AU BRI T 2 A A ko, AN &1 2
o TCIRARIEBR LS, AR L 2 808 3 Nk

kR R EA R 2N T TS RA
T IR R R A I o X PO R AT A SO R Y
AT 2 DR D T v DB A i A I ) Ry T —
R AR T I {5 1 A 2 R 0y AR e i, TR 9% R R BT UL
S IEANTR] (TAS SCR 3 9 7 2 {7 o A 2
I, DAl FHERIE 1 305 07 i, D45 5 0% 3 T, 7 15 18 D
RIS, 253 B SR R AR B T A S A
SN T LA /I P P BT i 6 U 0 0l £ i 119
BRTE L B A B — S B R Tl AT L, AR SO
WE RE PR e S A% il 14 R HE 4, SCRE DR I A% i I 2% 1%
SR I S

35

=B - AR BH T AR R
—— R AR 4 R R

(kbps)
[Se] (o8]
W (=}

o)
(=]

S A

—_
(=)

S [P R R S S S S S S S
16 18 20 22 24 26 28 30 32 34 36 38
THFEE (dB)
El2 P3fEME L —— V3t ik
Fig.2 The mean of SNR-The mean of throughput

5 HRiE

AR EARS T B R G A i it IX
PO A et IO 2%, SR P8 5 4 A2 i 1 A G0 [ 3T B G
R TT G8 B R T — o T G RO ) A
W25 A& N 2 B0 B D5 . B, A R B AL
S IRLAE T ARG 2E AT B A R HL A T T 9k X B
AT SN, SR A IR 45 2R X i S5 A A
S, 40 S 7 B A B 1 i 2 i 1 3 A R
FRIRIX —T7 I AE W R A R P R BV Sk 12
BA AR T AR R T AL i 4 s S B, LA B 5 T LA
SEATH AL (R TE S B A 1 SE P 220K DN AR SO ik
HABRE A H . Fraidad SEBR, Uk 1A S
SETRAE B AT VA% A5 I 4% v, RE A% 1025 418 w8 S %
fa rAy Al 55 JB , ARNS T AR R AT AR B AR 42 1) £ A%
77 N BA AR R et .

S5 3k

(1] SRegse Wdifs, ORI, 2 0Ras M 45 A LA A (5 B 1%
FPEREIAT LT ] RN R 2224 4k (B M) - 2010(1) .
1-5.
GUO Zun-hua, XIE Wei-xin, HUANG Jing-xiong, Per-

formance analysis of sensors transmitting data with wired



1374 fa =5 4 5527 %

access scheme [ J]. Journal of Shenzhen University Sci- 2002, 50(5) : 693-697.
ence and Engineering. 2010(1); 1-5. (in Chinese) [10] Camp J, Knightly E. Modulation rate adaptation in urban

(2] XU, e(E, womon, 2. Wl fGRas M3 115 1F and vehicular environments: cross-layer implementation
Riccati TR RS L &3 [T]. 55 4 ¥, 2008 and experimental evaluation[ J]. Networking, IEEE/ACM
(5): 733-736. Transactions on. 2010, 18(6) : 1949-1962.
LIU Zong-xiang, XIE Wei-xin, HUANG Jing-xiong, et [11] Chun-Cheng C, Haiyun L, Eunsoo S, et al. Rate-Adap-
al. System optimizati on design for passive sensornet work tive Framing for Interfered Wireless Networks: INFOCOM
based on the modified Riccati equation[ J]. Signal Pro- 2007. 26th IEEE International Conference on Computer
cessing,2008, 24 (5) . 733-736. (in Chinese) Communications. IEEE[Z]. 20071325-1333.

[3] Balachandran K, Kadaba S R, Nanda S. Channel quality [12] i#54E, 800 K k. —Fh QAM {55 1 B (M e A1t
estimation and rate adaptation for cellular mobile radio Bk(J]. R, 2005(4) ; 758-761.
[J]. Selected Areas in Communications, TEEE Journal Xu Hua, Fan Long-Fei, Zhen Hui. A Blind SNR Estima-
on. 1999, 17(7) : 1244-1256. tion Algorithm for QAM Signals[ J ] Acta Electronica Sini-

[4] Pauluzzi D R, Beaulieu N C. A comparison of SNR estima- ca. 2005(4) . 758-761. (in Chinese)
tion techniques for the AWGN channel [ J ]. Communica-
tions, IEEE Transactions on. 2000, 48(10) : 1681-1691. 1EEEN

[S] VWi, R4 AWON (5B ARE 25 5 SNR it
k(1] AR, 2002, 30(009) . 1369-1371. % O (1984-) B A, =
FAN, Hai B, CHEN, Ju CAO, Zhi Gang An Algorithm of BLIFSE 5 1) Ay A kA W 4 i S AL
SNR Estimation for Non-Constant Envelope Signal in the %%, E-mail:luochengl @ email. szu. edu. cn
AWGN Channel [ J] Acta Electronica Sinica. 2002, 30
(009) : 1369-1371. (in Chinese)

[6] Jacobsmeyer J] M. Adaptive trellis-coded modulation for band
limited meteor burst channels[J]. Selected Areas in Com- WHEfE (1941-) B #® LE4S
munications, IEEE Journal on. 1992, 10(3) : 550-561. Ui, BRI R 245 5 5 15 BAL B2 )2

[7] Kamerman A, Monteban L. WaveLAN(R)-II; a high-per- Ak N, R ARE TP HF %L
formance wireless LAN for the unlicensed band[ J]. Bell K, BB IEI7 W AT e {5 B AL HL B
Labs technical journal. 1997, 2(3) . 118-133. EISHOSLIE N

[8] TLacage M, Manshaei M H, Turletti T. IEEE 802. 11 rate
adaptation: a practical approach [ Z ]. Association for M (1968-) , B, #H 4%, 4 S
Computing Machinery, Inc, One Astor Plaza, 1515 Broad- I, EEMF R AR EE S
way, New York, NY, 10036-5701, USA, 2004. I = Y S e

[9] Yee M S, Hanzo L. A wide-band radial basis function de-

cision feedback equalizer-assisted burst-by-burst adaptive

modem [ J ]. Communications, IEEE Transactions on.






